Abstract This paper discusses two distinct, but related issues in quantum fluctuation effects. The first is the frequency spectrum which can be assigned to one loop quantum processes. The formal spectrum is a flat one, but the finite quantum effects can be associated with a rapidly oscillating spectrum, as in the case of the Casimir effect. The leads to the speculation that one might be able to dramatically change the final answer by upsetting the delicate cancellation which usually occurs. The second issue is the probability distribution for quantum fluctuations. It is well known that quantities which are linear in a free quantum field have a Gaussian distribution. Here it will be argued that quadratic quantities, such as the quantum stress tensor, must have a skewed distribution. Some possible implications of this result for inflationary cosmology will be discussed. In particular, this might be a source for non-Gaussianity.
Introduction
This paper will deal with two aspects of quantum fluctuations. One will be the frequency spectrum which is associated with Casimir energy, that is, with the expectation value of the stress tensor operator or other quadratic operators. Some earlier work will be reviewed, in which it was shown that the frequency spectra are wildly oscillating functions, which nonetheless have finite integrals. The finite Casimir energy always corresponds to a very small fraction of the area under one oscillation peak. The possibility of altering this remarkable cancellation will be discussed.
The second aspect of quantum fluctuations to be considered is the probability distribution associated with the fluctuations of smeared operators. The well-known result of a Gaussian distribution for linear operators will be rederived. It will then be shown by way of a simple example that the fluctuations of quadratic operators can be described by a skewed, and hence non-Gaussian, distribution. Some further comments and speculations on the generic form of the probability distribution for stress tensor fluctuations will be offered. It is well-known that the formal frequency spectrum of quantum fluctuations is flat; all modes appear on an equal basis in the expansion of a quantum field operator. This leads to the formally divergent zero point energy
However, this "unprocessed" spectrum is unobservable. The only quantities which can be observed arise from "processed" spectra, which have been modified by a physical process. The formation of a black hole, for example, processes the flat spectrum of incoming vacuum fluctuations and converts it into a Planck spectrum of outgoing particles, the Hawking radiation. The finite effects of one loop quantum processes may also be associated with a nontrivial frequency spectrum. Consider the Casimir effect as an example. The presence of boundaries modifies the divergent vacuum energy, (1), by a finite amount, the Casimir energy. For a scalar field which satisfies periodic boundary conditions in one of three spatial dimensions, this energy is (Units in which = c = 1 will be used in the remainder of this paper.)
where L is the periodicity length and A is the transverse area. It is of interest to ask whether one can assign a finite frequency spectrum to the Casimir energy, that is, find a function σ (ω) such that
This was done in Refs. [1, 2] , where it was shown that one can obtain σ (ω) as a Fourier transform of the renormalized energy density operator at time-separated points. A more recent discussion is given in Ref. [3] . Let T μν (t − t ) be the renormalized stress tensor operator evaluated at two points separated in time by t − t . Then T μν (0), the operator evaluated at coincident points, is the observable stress-energy associated with the Casimir effect. In particular,
We can write
This function was evaluated explicitly for the electromagnetic case in Ref. [2] , and for the case of a scalar field in Ref.
[1]. In the latter case, the result is
where
